Abstract One of the ultimate goals of ecosystem carbon dioxide (CO 2 ) experiments is to infer the capacity of terrestrial ecosystems to sequester carbon (C) in a CO 2 -enriched world. This modeling study examines C sequestration (C seq ) in natural ecosystems based on CO 2 experiments. Most experiments are conducted by a step increase in CO 2 concentration, whereas natural ecosystems are experiencing a gradual increase in atmospheric CO 2 (C a ). To examine the effects of a step vs. gradual CO 2 increase on ecosystem responses, we have developed a terrestrial C sequestration (TCS) model that focuses on C and nitrogen (N) interactions in regulating C seq . We used the model to: (1) compare C seq and N demand in response to the step vs. gradual increase in CO 2 ; (2) identify mechanisms underlying different ecosystem responses to the step vs. gradual CO 2 forcing; (3) examine key parameters in controlling C seq ; and (4) explore three hypothesized N supply mechanisms in regulating photosynthetic acclimation and C seq .
